This study was conducted at Rice Research and Training Center (RRTC), of Farm Sakha -KafrelSheikh, Egypt, during the summer seasons of 2010 , 2011 and 2012 to investigate the combining ability of some parental lines in their crosses. Three cytoplasmic male sterile (CMS) lines as female parents and seven restorer lines as male parents were hybridized to produce 21 F1 hybrids in a line x tester mating model (Kempthorne, 1957) . The General and specific combining ability effects of the genotypes for the characters under study were estimated. The results showed that the characters were controlled by general combining ability (GCA) and specific combining ability (SCA) . The CMS and restorer lines showed favorable effects for GCA of yield and yield components. The results indicated that most characters were largely governed by additive gene action. finally, the hybrid combination IR69625A× Giza 179 could be used as a promising hybrid for early maturing and high yielding varieties.
INTRODUCTION
Rice (Oryza sativa L.) is the world leading cereal crop for human utilization, with cultivated area of almost 150 million hectars and a total production of almost 600 million ton annually (Khush, 2005) . The world population is expected to reach 8 billion by 2030 and rice production must be increased by 50% in order to meet the growing demand for the world (Khush and Brar, 2002) .
In order to obtain good hybrids, it is essential to understand the nature of gene action that, controls yield and its components. Combining ability estimation is a powerful tool available to select the desirable parents and crosses for the exploitation of heterosis. General combining ability (GCA) effects largely involve additive gene effects, while, specific combining ability (SCA) effects represent only non-additive gene action including dominance. The presence of non-additive genetic variance offers scope for exploration of heterosis (Yadav et al., 1999) . The parents with good GCA and SCA could be used to produce good hybrids (Yang et al., 2000) . In addition, heterosis and combining ability of hybrid rice were studied by Zhang et al., (2002) . Line x tester analysis provides information about GCA and SCA effects of parents and is helpful in estimating various types of gene actions (Rashid et al., 2007) . Identification of suitable parents through line x tester analysis in rice has been studied by Singh and Kumar (2004) .
Hybrid rice varieties can out yield conventional cultivars by at least 15 % under the same input levels. Hence, this technology can be used to break the current yield plateau in rice, where yield levels of the conventional cultivars released reached stable levels .
The main objective of this investigation was to estimate the GCA and SCA effects and identify promising parental lines that can be combined in high yielding early rice hybrids.
MATERIALS AND METHODS
Three cytoplasmic male sterile lines (CMS) vis., IR69625A, IR70368A as wild abortive type (WA) and K17A as (K-type) were used as female lines and crossed with seven restorer lines, viz., Giza 178 R, Giza 179R, Giza 181R, Giza 182 R, Sakha 105R, HR195R and promising line GZ 6296-12-1-2-1-1R to produce 21 hybrid combinations in line x tester model the hybrid were evaluated with parents in a randomized complete block design with three replications at Rice Research and Training Center during 2010,2011and 2012 seasons. The data were recorded on days to flowering, number of fertile tillers per plant , panicle length, seed set percentage(out crossing rate%), 1000-grain weight and grain yield per plant as recommended by IRRI(1996) .The days to heading, panicle length (cm) and seed set % were recorded on the A-line, while number of fertile tillers per plant, 1000-grain weight and grain yield per plant were recorded using correspondent B-lines(maintainer lines) that are self fertile. Combining ability analysis was carried out as the method of Kempthorne (1957) . The estimates of GCA effects: -GCA effects of each line were calculated according to the following equation:
Where:
Y i.. : Total of the i th line over testers, Y..: Grand total . L, t and r: Number of lines, testers and replications, respectively. -GCA effects of testers were calculated as follows:
Y. j. : Total of i th tester over lines.
-The estimates of SCA effects:-
The values of SCA effects were determined as follows:
Where:
Yij. = Value of i th line with i th tester
The estimates of standard error (S.E) pertaining to GCA effects of lines and testers and SCA effect of different combinations were calculated as follows: SE (GCA for lines) = . .
x SE

RESULTS AND DISCUSSION
Analysis of variance:
The analysis of variance revealed that the variations among genotypes (parents lines with their crosses) were highly significant for all the studied characters in both seasons and in their combined analysis (Tables 1  and 2 ). The parents, crosses and their interaction (parents vs. crosses) showed significant or highly significant mean squars for all studied traits except for parents in number of fertile tillers per plant and P vs. Cr in grain yield /plant which were not significant at the second season. The mean square values of lines, testers and line x tester (Tables 1 and 2) also were show significant or highly significant for all the studied characters in both seasons and their combined analysis except for testers for number of fertile tillers per plant in the second season, line x tester for number of fertile tillers per plant in both seasons and line x tester for 1000-grain weight in the second season that were not significant .The significance of the mean squares due to lines and testers indicated a prevalence of additive variance. Several studies reported the predominance of dominant gene action for the majority of the yield traits (Peng and Virmani 1990 , Ramaligan et al. 1993 and Stayanarayana et al., 1998 . Also EL-Mowafi 2001, Kumar 2004, EL-Mowafi et al., 2005 and Abd EL-Hadi and EL-Mowafi 2005 had reported the same trend of results.
T1
Mean performances:
Mean performances of the three tested CMS (female parents) lines, seven testers as male parents and their F 1 hybrid combinations (21 hybrids) of the line x tester for heading date, panicle length and seed set % during 2011and 2012 seasons and their combined are shown in Table ( 3).
The results indicated that mean performances for the three agronomic traits, showed highly significant difference among genotypes. The CMS K17 line was the most earlier female parental line in heading (85.67 days) with high differences (13-15 days) comparing to the other CMS lines. While, Giza 179R was the earlier restorer line (90.50days) with high differences compared with all other testers. The hybrid rice combinations K17A × Giza 179 gave the lowest mean value (82.00 days), but IR70368A× Giza 181 (102.17) was the latest for heading date. The mean values of panicle length for the female and male parents ranged from 20.89 cm to 25.50 cm of the parents; Giza 181 and HR195R, respectively, while, the F 1 mean values ranged from 17.48 to 29.40 cm for the hybrids IR70368A.×Sakha 105R and K17A×HR195R, respectively. For panicle length trait, the tester line HR195rwas produced the longest panicles (25.50 cm). In addition, the F 1 hybrid combinations K17A×HR195R recorded the highest mean panicle length (29.40 cm). Mean values of this trait were more than the longest panicle of the two corresponding parents. Most of these findings suggested the presence of dominance and over-dominance effects for longest panicle over the shortest panicles.
The seed set of CMS lines (female parent) was due to out crossing, thus these three lines are male sterile and the built grains come through cross pollination. Therefore, they showed low seed set % ranging from 11.89% for IR 70368A to 13.67% for K17A.
Also to seed set trait, the tester lines Giza 179R, Giza 178R and Sakha 105 revealed the highest mean values among parental lines with means of 97.31, 95.36 and 95.30 %, respectively. Consequently, the hybrid combinations IR69625A×HR195R, K17A×HR195R and K17A×Giza179R showed the highest mean values (97.03, 96.57 and 96.00 %, respectively). On the contrary, the hybrid combinations, IR69625A× Sakha 105R, IR70368A.×Sakha 105R and K17A×Sakha 105R gave the lowest mean values which ranged from 17.17 to 17.82 %, these results indicated that the cross between pure Indica ( Female) and pure Japonica ( male) showed complete to partial sterility in F 1 generation.
Mean performances of the three CMS (female parents) lines, seven testers as male parents and their F 1 hybrid combinations (21 hybrids) of the line x tester for number of fertile tillers / plant, 1000-grain weight and grain yield/plant in 2011and 2012 seasons and their combined as are presented in Table (4) .
Concerning the number of fertile tillers / plant, the highest mean values were recorded for IR70368A, Giza 178R and HR195R among all parental lines ( males and females) with mean values of 20.83, 22.67 and 24.17 tillerrs respectively. Moreover, the hybrid combinations; IR69625A× GZ6296-12-1-2-1-1R (23.83), IR69625A× Giza178R (23.00) and IR69625A× Giza182R (22.67) recorded the highest number of fertile tillers/ plant.
In the case of 1000-grain weight, collected data revealed that the parental lines IR70368A, Giza 179R, Sakha 105R and GZ 6296R showed the heaviest grains with the means of 23.83, 24.48, 24.00 and 23.93g, respectively. At the same time, the hybrid combinations K17A× HR195R, IR69625A× Giza179R, IR70368A× Gz6296R and K17A× Giza178r exhibited the heaviest grains with the means of 27.52, 26.27, 25.90 and 25.88 g, respectively. On the contrary, the tester line Giza178R and the hybrid combinations IR69625A× Giza181R recorded the lowest mean values with means 22.63 and 21.01g, respectively. Highly significant differences were recorded for grain yield/plant trait. The IR69625A showed the highest mean value (14.00 g) as a female line and the male parent tester Giza179R, showed the highest mean value (50.33 g) for yield/plant. The most desirable mean values were recorded for the hybrid rice combinations; IR69625A× Giza178R (51.67g), IR69625A× Giza179R (51.67g), K17A× Giza178r (45.33g) and IR69625A× HR195R (45.17g). Although, the first hybrid combination (IR69625A× Giza178R and IR69625A× Giza179R) were significantly different from others. Combining ability effects: 1-General combining ability effects (GCA) Significant differences of GCA were observed among the (CMS) lines for the traits as shown in Table ( 5) . The female parents (CMS) showed significant GCA values for days to heading. The results indicated that, K17A was the best combiner for early heading with high significant and negative estimates of GCA effects. On the other hand, IR69625A showed high significant and positive estimates of GCA. Among the tester lines, the tester lines Giza 179 and Sakha 105 showed highly significant negative value for days to heading. These lines have to be good combiners for earliness and could be useful to breed early maturing rice cultivars .
The line IR69625A appeared to be a good combiner with new hybrid combinations for panicle length trait, while, K17A gave insignificant and negative estimate of GCA effects. Among the testers, HR195R, Giza181R had significant and positive estimate for panicle length trait, while, Sakha105R was the lowest combiner with significant and negative estimates.
Concerning the seed set %, IR69625A and K17A as female parents showed significant GCA estimates, while the tester lines; HR195R, Giza178R and Giza179R gave highly significant and positive values. Swamy et al., (2003) identified two good combiner parents for improved fertility percentage in rice. The results of EL-Mowafi (2001) The estimated values of GCA for each line and tester for fertile tillers/plant, 1000-grain weight (g) and grain yield/plant (g) are presented in Table ( 6) . For fertile tillers/plant, the data showed that IR69625A as female line and Giza178R as male line were the best combiner with significant and positive estimates of GCA effects. On the contrary, K17A was the lowest combiner with high significant and negative value. The values of GCA for fertile tillers/plant are in agreement with the results reported by Mehla et al., (2000) , Rosamma and Vijayakumar (2005) and Kumar et al., (2007) .
The lines; K17A and IR70368A showed highly significant and positive value for GCA estimates for 1000-grain weight, also, the HR195R tester showed highly significant and positive value. For grain yield/plant IR69625A line gave highly significant and positive GCA value and so appeared to be good parental combiner in hybrid combinations for grain yield/plant. On the other hand, Giza178R ,Giza179R and Giza181R as testers gave highly significant and positive estimate of GCA. The positive values of GCA mean increased for grain yield/plant which could be useful in breeding programs for high yield potential rice cultivars. 
2-Specific combining ability effects (SCA)
Estimates of SCA effects for each F 1 hybrid combination for days to heading, panicle length and seed set% are shown in Table ( 7) . For days to heading. Seven crosses out of 21 hybrid combinations were found to show negatively significant or highly significant SCA effects. The useful observed negative significant values of SCA effects are(desirable) in some hybrid combinations. The best hybrids were IR70368A.× HR195 and IR69625A× GZ 6296R. For panicle length trait, seven cross combinations exhibited highly significant positive SCA effects, K17AxHR195R gave the highest significant SCA effects comparing to other hybrid combinations. Respecting seed set % trait, the data indicated that, five cross combinations IR69625A× Giza 182R, K17 x Giza 179R, IR70368A x Sakha 105R, IR70368A x Giza181R and IR70368A x Giza 178R exhibited highly significant and positive SCA estimates. Similar results were observed by EL-Mowafi (2001) and Abd El-Hady et al.(2013) .
Estimates of SCA for each F 1 hybrid combination for number of fertile tillers/plant, 1000-grain weight (g) and Grain yield/plant (g) are presented in Table ( 8) . Regarding to the number of fertile tillers/plant, the hybrid combination IR69625A x GZ6296R out of 21 hybrid combination showed positively significant SCA effects. For 1000 grain weight one cross combination (K17Ax HR195R) showed significant and positive SCA effects. Concerning, grain yield/plant, three cross combinations i.e. IR69625A× Giza 179R, IR70368A x Giza 181R and K17A x Sakha 105R combination showed positive significant or highly significant SCA estimates.
In conclusion, it is clear that the hybrid combination IR69625A× Giza 179R seemed promising hybrid for earliness and high grain yield. 
